IMPORTANCE Injection drug use is the primary mode of transmission for hepatitis C virus (HCV) infection. Prior studies suggest opioid agonist therapy may reduce the incidence of HCV infection among injection drug users; however, little is known about the effects of this therapy in younger users.
I njection drug use is the primary mode of transmission for hepatitis C virus (HCV) infection 1, 2 and accounts for at least half of all documented new infections, a figure that is likely a significant underestimate. 1, 3, 4 Hepatitis C virus infection is endemic among persons who inject drugs, with most estimates of prevalence ranging from 60% to 90%. 5 Although newer medications for HCV offer the potential for cure with fewer adverse effects, treatment will come at great financial cost. Furthermore, major barriers to HCV treatment for injection drug users exist and will not be easily overcome. 6 Therefore, a critical need for interventions that can prevent new HCV infections in this group remains. Providing maintenance opioid agonist therapy with methadone hydrochloride or buprenorphine hydrochloride for opioid use disorders is one strategy for reducing injection drug use and the spread of HCV. Maintenance opioid agonist therapy may facilitate injection cessation and thus reduce the risk for HCV acquisition 7 ; however, treatment adherence can fluctuate among users, and not all treatment programs require complete abstinence. Two studies, a meta-analysis 8 and a pooled analysis study, 9 reported reduced HCV incidence in association with opioid agonist therapy, with reductions ranging from 40% to 60%. However, many of the studies in both analyses 8, 9 were conducted in populations of older adults and prisoners; also, most predated the use of buprenorphine.
Little is known about the effects of opioid agonist therapy in preventing HCV infection in younger injection drug users and those treated in the era of buprenorphine. Younger users are an important population to target because they are at the core of the HCV epidemic. [10] [11] [12] [13] [14] [15] Incidence rates are high among new users, among whom one-quarter are estimated will become infected after 2 years of injection drug use. 16 Despite the fact that younger users are a group at high risk for complications, such as HCV and human immunodeficiency virus (HIV) infection, studies suggest that access to treatment for substance use disorders, especially maintenance methadone therapy, in young persons is limited. 17 However, from 2002 to 2007, total numbers of buprenorphine prescriptions increased from approximately 50 000 to 5.7 million, and young adults aged 21 to 30 years constituted the age group most frequently receiving prescriptions. 18 People seeking opioid agonist therapy for opioid use disorders may prefer treatment with buprenorphine rather than methadone 19 because the former can be prescribed by nonspecialist physicians in office-based settings, dispensed by wide networks of community pharmacies, and self-administered without daily observed dosing by treatment program staff. However, with less supervision, patients receiving buprenorphine also have opportunities to interrupt their treatment to engage in illicit opioid use. For these reasons, studies that include young injection drug users, especially those treated with buprenorphine, are needed to determine the current effectiveness of maintenance opioid agonist therapy in reducing new HCV infections in real-world settings. The purpose of this study was to assess whether opioid agonist therapy was associated with a lower incidence of HCV infection in an observational cohort of young adult injection drug users in San Francisco. Participants in this prospective cohort underwent systematic testing for HCV infection and reported information about substance use treatment every 3 months, which provided a unique opportunity to study the relationship between opioid agonist therapy and the incidence of HCV infection. We hypothesized that self-reported treatment with maintenance opioid agonist therapy (methadone or buprenorphine) would be associated with a lower incidence of HCV infection.
Methods

Study Sample and Design
This study analysis used observational data from the UFO Study, a prospective study of young adult injection drug users in San Francisco designed to assess factors associated with incident HCV infection. Details of the study design and methods have been published previously. 7, 14 In brief, participants were eligible if they were younger than 30 years, reported injection drug use in the prior month, spoke English as their primary language, and, if recruited in 2003 or later, did not plan to travel outside of San Francisco within the next 3 months because high rates of travel complicating follow-up were noted in the early period of recruitment. 7 The UFO Study recruited, In all waves, HCV testing and behavioral questionnaires were administered quarterly among participants seronegative for HCV. The behavioral questionnaire, administered at quarterly intervals during follow-up, queried participants regarding demographic factors, risk exposures (eg, types of drugs used, frequency of injection, and sharing of injection equipment), and preventive behaviors (eg, use of syringe exchange programs and condoms). Although some questions were modified slightly during the different waves, the focus was on quantitative assessment of exposures associated with injection drug use and HCV and HIV infections throughout all study waves.
The study conducted active outreach with participants using contact information that was updated at each follow-up visit, including telephone, e-mail, social, and familial contacts as well as street-based neighborhood searches where participants indicated they usually stayed. Since 2007, the study followed participants (including collection of serologic and exposure information) who were incarcerated in the San Francisco City jail if their stay was longer than 30 days. Follow-up consisted of monthly check-ins and quarterly study visits that included structured interviews and blood testing conducted at a community-based clinical research site located in the Tenderloin area of San Francisco for the past 9 years (sites
Study Outcomes
The primary outcome was incident HCV infection. Incident HCV infection was defined as (1) 
Study Predictors
The primary predictor of interest was receipt of treatment for an opioid use disorder based on participant self-report from quarterly interviews. We categorized recent treatment responses into no treatment, non-opioid agonist forms of treatment, opioid agonist detoxification, and maintenance opioid agonist therapy. Non-opioid agonist forms of treatment could include any non-medication-assisted treatment, such as 12-step groups, counseling, and alternative treatment (eg, acupuncture). Recent opioid agonist therapy included treatment with buprenorphine or methadone anytime within the past year at the baseline screening interview, within the past 3 months at quarterly interviews for participants in waves 1 and 3, and within the past week for participants in wave 2 (shortened because the study added questions examining very recent behaviors associated with drug treatment program attendance). Participants who reported receiving multiple categories of treatment were classified hierarchically: if maintenance therapy and detoxification were reported, we classified the participants as receiving maintenance therapy. If detoxification and non-opioid agonist forms of treatment were reported, we classified the participants as receiving detoxification. For waves 1 and 3 of the study, participants were asked specifically about use of opioid agonist therapy for detoxification vs maintenance treatment. For wave 2, open-ended responses describing the type of substance use treatment were grouped into non-opioid agonist therapy, maintenance opioid agonist therapy, and opioid agonist detoxification; participants in wave 2 who responded that they were treated with opioid agonist therapy but did not specify further were labeled as receiving maintenance therapy. For this reason (and for the differing time frame for the question during wave 2), we conducted additional exploratory analyses restricting data from waves 1 and 3 only. We adjusted for the following covariates (which were selected a priori) in multivariate models: age at baseline, sex, nonwhite race, baseline number of years of injection drug use, homelessness, and incarceration within the previous 3 months.
Statistical Analysis
Baseline characteristics of the sample were assessed using simple tabulations and calculation of measures of central tendency (means and medians) and statistical dispersion (SD and interquartile range [IQR] ). Cumulative incidence rates of HCV infection by treatment status (no treatment, non-opioid agonist forms of treatment, opioid agonist detoxification, and maintenance opioid agonist therapy) were calculated using person-years of observation, and 95% CIs for the rates were calculated assuming a Poisson distribution. Treatment reported at the time of the last blood test result negative for HCV was used for participants who did not undergo seroconversion; treatment reported at the time of the first blood test result positive for HCV was used for participants who underwent seroconversion. Occurrence dates of infection were imputed as the midpoint of the interval between the dates of the last observed HCV-negative test result and the first HCV RNApositive test result or the first anti-HCV-positive test result (with or without concurrent HCV RNA detection). For 88 of 171 incident infections, HCV RNA was detected in the acute window before antibody seroconversion. For these cases, the date of infection was 30 days before the first positive transcriptionmediated amplification test result. This date is used because the period in which HCV RNA but not anti-HCV is detectable is, on average, 60 days. 20, 21 Survival time was the time from study enrollment to date of HCV infection. Participants entered into the analysis at the baseline visit and remained until the date of HCV infection or were censored at August 21, 2013, or the last interview date. Censoring at the last visit could occur for various reasons, including loss to or unavailability for follow-up and death. Cox proportional hazards regression models were fit to evaluate the association between treatment category and incident HCV infection, adjusting for potential confounders (age, sex, nonwhite race, number of years of injection drug use, homelessness, and incarceration). Treatment, homelessness, and incarceration were treated as time-varying covariates in the Cox models. We performed multiple imputation with chained equations to impute the values of predictors for visits when only laboratory testing data and not behavioral data were collected. Imputed values were obtained for a total of 11 observations, including 4 regular quarterly interviews and 7 interim visits. Additional exploratory analyses adjusted for the number of days of injection drug use in the past month to assess whether frequency of injection might be a potential mediator of relationships between opioid agonist therapy and HCV incidence and for use of needle-syringe exchange programs in the past month. Adjusted hazard ratios (AHRs) and 95% CIs are reported. Spearman correlations were used to evaluate potential collinearity between independent variables and covariates. All analyses were conducted using 2-sided tests and a sig-terns of nonproportionality. Sensitivity analyses were conducted restricting analysis to data from waves 1 and 3 because the questionnaire format differed slightly in wave 2. All analyses were conducted with commercially available software (STATA, version 11.2; StataCorp).
Results
From January 3, 2000, through August 21, 2013, a total of 1548 participants underwent screening, 992 (64.1%) met eligibility criteria, 721 (72.7%) were enrolled, and 552 (76.6%) were followed up (≥2 visits) (Figure) . Participants who were enrolled and followed up compared with participants who were lost to or unavailable for follow-up did not differ in terms of sex, race/ ethnicity, years of education, or years of injection drug use. Compared with enrolled participants who were lost to followup, enrolled participants who were followed up were older (median age, 23 vs 22 years; P = .003), more likely to use injection drugs every day in the past month (33.3% vs 20.2%; P = .001), more likely to use noninjection methamphetamine (64.5% vs 53.0%; P = .007), more likely to have been in substance use treatment (17.6% vs 10.4.%; P = .02), more likely to have received mental health counseling in the past 3 months (25.5% vs 15.8%; P = .009), and less likely to have been incarcerated in the past 3 months (27.1% vs 38.4%; P = .006). Characteristics of the sample (n = 552) at study enrollment are shown in Table 1 . The median age was 23 (IQR, 20-26) years, 73.1% of participants were white, 68.1% were men, 39.7% reported they did not graduate from high school, and 69.2% were homeless or unstably housed in the past 3 months. The median duration of injection drug use was 3.6 (IQR, 1.5-6.6) years, 33.3% of participants were daily users, and most (59.8%) reported heroin as the drug they had used most often in the past month. Most participants (82.4%) reported no substance use treatment in the prior year, and 4.2% reported recent maintenance opioid agonist treatment in the prior year.
The study observation period totaled 680 person-years, during which 171 incident cases of HCV infection occurred for an estimated incidence rate of 25.1 (95% CI, 21.6-29.2) per 100 person-years. Participants completed a median of 3 behavioral interviews (IQR, 2-5), and the median interval between interviews was 93 (IQR, 56-131) days. Participants who reported maintenance opioid agonist therapy in the past 3 months had a lower incidence of HCV infection compared with those who reported no treatment in the past 3 months ( Table 2) . The rate ratio was significantly lower for participants who reported recent maintenance opioid agonist therapy (0.31 [95% CI, 0.14-0.65]; P = . In the sensitivity analyses restricted to waves 1 and 3 (for which participants were directly queried about detoxification vs maintenance therapy so that no responses of "unspecified" remained), the results did not differ substantively. Again, the incidence of HCV infection was lower among participants who reported recent maintenance opioid agonist therapy compared with those receiving no treatment (rate ratio, 0.37 [95% CI, 0.14-1.02]; P = .05), but incidence of HCV infection was not 
Discussion
In this study of young adult injection drug users, we found that maintenance opioid agonist therapy (methadone or buprenorphine) for opioid use disorders was associated with more than a 60% reduction in the incidence of HCV infection over time compared with no treatment. These results are in concordance with prior studies conducted in other populations. A meta-analysis by Hagan et al, 8 which included 8 studies published from 1996 to 2009, reported a pooled relative risk of 0.60 (95% CI, 0.35-1.03) for incident HCV infection associated with opioid agonist therapy. A pooled analysis of 6 UK studies by Turner et al 9 also reported that receipt of opioid agonist therapy was significantly associated with lower relative odds for seroconversion (adjusted odds ratio, 0.41 [95% CI, 0.21-0.82]). Our additional analyses adjusting for injection drug use in the past month suggest that maintenance opioid agonist therapy reduces the incidence of HCV infection in part by decreasing the frequency of injection, which will also lower the risk for acquiring HIV and other blood-borne pathogens. 23 Our additional finding of a higher incidence of HCV infection among patients who reported recent opioid agonist detoxification b Female includes women who had sex with men and women who had sex with women. c For participants in wave 1, time frame is past 30 days; for participants in waves 2 and 3, past 3 months. d For participants in wave 1, time frame is past year at baseline and past 3 months at follow-up; for participants in wave 2, past week; and for participants in wave 3, past 3 months. e Includes OA therapy unspecified for wave 2 only. compared with those who reported no treatment is novel. Studies have demonstrated high relapse rates when buprenorphine and methadone therapy are discontinued, 24,25 suggesting that detoxification is a less effective treatment strategy than maintenance treatment. Studies also have demonstrated an increased risk for opioid overdose when patients relapse after premature detoxification or periods of abstinence (eg, incarceration), 26,27 and they may also engage in injecting behaviors that put them at higher risk for HCV acquisition in this period. This study is, to our knowledge, the first to examine the effects of opioid agonist therapy on HCV infection to be conducted in young adults who are injection drug users; as such, it extends the literature by demonstrating the potential benefits of maintenance opioid agonist therapy in reducing the incidence of HCV infections in this age group. Young injection drug users are a major driving force in the epidemic of HCV infection in the United States and Canada and therefore are an important target for prevention. 15 Buprenorphine is an efficacious treatment for youth with opioid use disorders. 25, 28 Despite this outcome, young adults who inject drugs often encounter significant barriers to receiving opioid agonist therapy for the treatment of opioid use disorders, 17 which is reflected in the general low rates of self-reported use of methadone and buprenorphine in this study. Young adults are typically characterized as having short addiction histories for which maintenance opioid agonist therapy is considered excessive because federal regulations concerning patient admission criteria to methadone maintenance treatment (42 CFR §8.12[e]) stipulate that a person be addicted at least 1 year before admission for treatment and that a person younger than 18 years have 2 documented unsuccessful attempts at short-term detoxification or drug-free treatment within a 12-month period. 29 Rules differ from state to state regarding whether an adolescent may obtain substance use disorder treatment without parental consent; in California, however, nonemancipated minors seeking methadone treatment must obtain parental consent and preapproval for treatment from the Department of Alcohol and Drug Programs Narcotic Treatment Program Licensing Branch. 30 Although only 16 participants (2.9%) were minors at the time of the study, almost half (41.2%) of all participants reported that they started injecting drugs before 18 years of age and may have benefited from early initiation of opioid agonist therapy. In addition to these unique barriers for young injection drug users, known barriers to opioid agonist therapy exist for all patients with opioid use disorders, including insufficient providers, treatment facilities, and insurance coverage for medications. Also, motivation to seek treatment may nance opioid agonist therapy is associated with decreased HCV incidence among young adult injection drug users, opioid treatment guidelines and regulations that defer opioid agonist therapy for young adults with opioid use disorders may warrant reconsideration. Furthermore, in keeping with the concern that the risk for opioid overdose increases after cessation of opioid agonist therapy, 27, 31, 32 these study results support the view of many addiction experts that maintenance opioid agonist therapy, rather than detoxification, is a safer and more effective strategy for preventing serious medical complications of opioid addiction in young adult users. 33 This study has some limitations. Only a modest number of participants reported receiving opioid agonist therapy, particularly buprenorphine; therefore, we could not analyze the effects of buprenorphine and methadone separately. In an additional limitation, opioid agonist therapy was defined by selfreport and not confirmed by treatment episode data. Some participants might report misinformation about treatment status (social desirability bias). Also, no specific duration of treatment was used to differentiate detoxification vs maintenance therapy, and therefore some overlap may have existed. We assume these types of misclassification would bias to the null, in which case our results would be an underestimate of the true effect. An additional limitation is that the questionnaires for 1 wave of data collection only provided openended responses on substance use treatment; therefore, some participants were missing data on whether recent opioid agonist therapy was for detoxification or maintenance. Furthermore, a difference existed in the time frame of the questions asked regarding opioid agonist therapy between waves 1 and 3 and wave 2, which only captured very recent (past week) attendance. This difference should in theory bias our results to the null, which strengthens our findings. Also, sensitivity analyses were performed excluding data from wave 2, and results were not changed substantively. A major strength of the study is the repeated and accurate ascertainment of the outcome measure of incident HCV infection. This study is the only one of which we are aware that performed systematic testing, including HCV viremia, at regular intervals to measure the true incidence of HCV.
Conclusions
Among a cohort of young adult injection drug users, we found that report of recent maintenance treatment with opioid agonist therapy was associated with a lower incidence of HCV infection. Our results suggest that treatment for opioid use disorders with maintenance opioid agonist therapy can reduce transmission of HCV in young adult injection drug users and should be offered as an important component of comprehensive strategies for prevention of primary HCV infection.
